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OXYGEN-18 LABELED ORGANIC ACIDS AND USE IN DIAGNOSING METABOLIC 

DISORDERS 

FIELD OF THE INVENTION 

[0001] The present invention relates to oxygen- 18 labeled organic acids and their utility 

in organic acid quantitation. More particularly, the invention relates to oxygen- 18 labeled 
organic acids and their utility as internal standards in quantitatively analyzing organic acids from 
biological samples. 

BACKGROUND OF THE INVENTION 

[0002] The following description of the background of the invention is provided simply 

as an aid in understanding the invention and is not admitted to describe or constitute prior art to 
the invention. 

[0003] Individuals with inborn errors of metabolism (IEM) can, in many cases, be 

identified by the presence of abnormal metabolites which are either non-existent or present in 
only very small amounts as compared to the urine of normal individuals. Such markers of 
metabolism include organic acids, which constitute a large variety of individual compounds. For 
example, inborn errors of metabolism associated with increased excretion of various acyl 
glycines, including isovaleryl, crotonyl, 3-methylcrotonyl, butyrol, 2-methylbutyryl and suberoyl 
glycines is known. Analyses of these glycines in human plasma and urine is used for the 
diagnosis of diseases such as medium chain acyl-CoA dehydrogenase deficiency, an error in 
mitochondrial (5-oxidation of straight chain fatty acid, carboxylase deficiency, and 2- 
methylacetoacetyl CoA thiolase deficiency, as well as isovaleric acidaemia, propionic acidaemia 
and isovaleric acidaemia. See e.g., Zytkovicz et al., Clin Chem 47(1 1): 1945-1955 (2001). 

[0004] Quantitative analyses of organic acids in urine or serum are usually performed by 

the procedures of extracting the acids from biological samples, chemical derivatization of 
extracted acids, and finally separation and detection of derivatized acids by gas chromatography 
- mass spectrometry (GC-MS) or in some cases by tandem mass spectrometry (MS/MS). See 
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e.g., Sweetman, In (Homes, Ed.) "Techniques in diagnostic human biochemical genetics" Wiley- 
Liss, New York, page 143-174 (1991); Kushnir et al., Clin Chem 47(11): 1993-2002 (2002). 
Internal standards are used in some cases to predict the loss of an organic acid from processing 
so that the starting amount of the acid in the sample may be accurately calculated. However, 
there remains a continuing need for a wide range labeled organic acid internal standards to 
enable more accurate methodologies with greater ease of use in providing high throughput and 
lower overall cost detection of signature IEM. 

SUMMARY OF THE INVENTION 

[0005] Quantitative measurement of the amount of particular organic acids in a sample is 

important to accurately diagnose the existence of metabolic disorders in an individual. The 
present invention provides a method for quantitatively measuring organic acids in samples 
suspected of containing one or more organic acids. Thus, the present methods are designed to 
accurately measure the amount of an organic acid by adjusting for loss of the organic acid 
through processing required for its detection. The invention methods accomplish this by adding 
one or more oxygen- 18 radiolabeled organic acids as internal standards to the sample to measure 
the recovery of organic acids following processing. The added oxygen- 18 organic acid(s) can be 
identical to the organic acids to be determined or may be structurally similar. The oxygen- 18 
labeled organic acid(s) used to estimate recovery is preferably identical to the organic acid 
sought to be analyzed. 

[0006] By "structurally similar," is meant that the organic acids all share significant 

structural characteristics such as key functional groups. For example, structurally similar organic 
acids of the group known as hydroxyl mono-acids include such acids having a single carboxyl 
acid group and a single hydroxyl group. Exemplary structurally similar hydroxyl mono-acids are 
well known in the art and include, for example, glycolic acid, lactic acid, 3-hydroxypropionic 
acid, 2-hydroxybutyric acid, 3-hydroxyisobutyric acid, 3-hydroxybutyric acid, 4-hydroxybutyric 
acid, 2-hydroxyisovaleric acid, 3-hydroxy-2-methylbutyric acid, 3-hydroxy isovaleric acid, 3- 
hydroxy-2-ethyl propionic acid, 3-hydroxyvaleric acid, 4-hydroxyisovaleric acid, 5- 
hydroxyhexanoic acid, 2-hydroxyisocaproic acid, 2-hydroxy-3 -methyl valeric acid, 5- 
hydroxyhexanoic acid, 3-hydroxy-2-methyl valeric acid, 2-hydroxyphenyl acetic acid, 4-hydroxy 
phenyl acetic acid, 4-hydroxycyclohexyl acetic acid, phenyllactic acid, 4-hydroxyphenyl 



DLMR243875.1 



2 



propionic acid, 5-hydroxyindoleacetic acid, homo vanillic acid, indoleacetic acid or 3- 
hydroxydodecanoic acid. Other groups of organic acids which each contain a variety of different 
yet structurally similar compounds include, for example, dihydroxy mono-acids, dicarboxyl 
organic acids, hydroxyl dicarboxyl acids, tricarboxyl acids, glycine conjugates and Oxo-acids 
(Keto acids). 

[0007] In accordance with one aspect of the present invention, the amount of an organic 

acid in a sample is measured by a) adding to a sample suspected of containing the unlabeled 
organic acid to be measured, an amount of an oxygen- 18 labeled organic acid structurally similar 
or identical to the unlabeled organic acid to be measured; b) processing the sample; c) 
measuring the amount of unlabeled organic acid and oxygen- 18 organic acid in the processed 
sample; and d) using the amount of oxygen- 18 organic acid measured in step c) to adjust the 
amount of unlabeled organic acid measured in the processed sample so as to reflect the amount 
of unlabeled organic acid originally present in the sample. In a preferred embodiment, if only a 
single oxygen- 18 organic acid is used, the oxygen- 18 labeled organic acid is not oxygen- 18 
labeled homovanillic acid. 

[0008] In accordance with another aspect of the present invention, the amount of an 

organic acid sample is measured by a) adding to a sample suspected of containing the at least one 
unlabeled organic acid to be measured an amount of at least one oxygen- 18 labeled organic acid 
selected from each of hydroxy mono-acid, dihydroxy mono-acid, dicarboxyl organic acid, 
hydroxyl dicarboxyl acid, tricarboxyl acid, glycine conjugate and oxo acid; b) processing the 
sample; c) measuring the amount of unlabeled organic acids and oxygen- 18 organic acids in the 
processed sample; and d) using the amount of an oxygen- 18 organic acid measured in step c) to 
adjust the amount of a structurally similar or identical unlabeled organic acid measured in the 
processed sample so as to reflect the amount of unlabeled organic acid originally present in the 
sample. 

[0009] By "sample" is meant a sample obtained from a biological source, e.g., an 

organism, cell culture, tissue sample, and the like. A biological sample can, by way of non- 
limiting example, consist of or comprise blood, sera, plasma, urine, feces, epidermal sample, skin 
sample, cheek swab, sperm, amniotic fluid, cultured cells, bone marrow sample and/or chorionic 
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villi. A body fluid sample is a preferred biological sample from which to measure organic acids 
using the invention methods. The term "sample" includes samples which have been processed to 
isolate or purify the organic acid. 

[0010] In the case where the particular identify of the organic acid that is suspected of 

being present in the sample is not known before testing, more than one oxygen- 18 labeled 
organic acid may be added to the sample. By increasing the number of different oxygen- 18 
labeled organic acids added to the sample, the likelihood is greater that the particular unlabeled 
organic acid present in the sample will be structurally similar or identical to one of the oxygen- 
1 8 labeled organic acids added to the sample as an internal standard. 

[0011] In one embodiment, an oxygen- 18 labeled organic acid(s) added to the sample is 

selected from the group consisting of hydroxyl mono-acid, dihydroxy mono-acid, dicarboxyl 
organic acid, hydroxyl dicarboxyl acid, tricarboxyl acid, glycine conjugate and oxo acid. In 
some embodiments, the sample to be tested will be spiked with at least one oxygen- 18 organic 
acid from each of hydroxy mono-acid, dihydroxy mono-acid, dicarboxyl organic acid, hydroxyl 
dicarboxyl acid, tricarboxyl acid, glycine conjugate and oxo acid. Such sample would thus 
contain six different oxygen- 18 labeled organic acids. In other embodiments, at least two 
oxygen- 18 organic acids from each of the six groups would be added to the sample. In further 
embodiments, the number of labeled acids from each group may be 3, 4, 5, 6 and even all from 
each group disclosed herein (see Tables 1-7). It is desirable to have at least one internal standard 
present for each class of organic acid analyzed in order to accurately measure the amount of the 
organic acid originally present in the sample. 

[0012] As described herein, the amount of oxygen- 18 organic acid measured in a 

processed sample is used to adjust the amount of unlabeled organic acid measured in the 
processed sample so as to reflect the amount of unlabeled organic acid originally present in the 
sample. By this manner, any loss of the unlabeled organic acid due to sample processing is 
corrected by using the oxygen- 18 labeled internal standard. The amount of labeled and/or 
unlabeled organic acid measured following processing may be determined from the mass 
spectrometry tracing as the peak intensity or the peak area. 
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[0013] In a preferred approach, the step of adjusting the amount of unlabeled organic 

acid to reflect the starting amount is accomplished by calculating a ratio of unlabeled organic 
acid measured to oxygen- 18 labeled organic acid measured ("unlabeled/labeled OA ratio") and 
comparing to a standard curve of unlabeled/labeled OA ratio versus unlabeled organic acid 
concentration. The standard curve is prepared from standard samples containing increasing 
amounts of unlabeled organic acid and a constant amount of a structurally similar or identical 
oxygen- 18 labeled organic acid, and processed similarly to the samples which are to be adjusted 
using the standard curve. The standard samples should use the same matrix (e.g., urine, serum, 
etc.) as the samples to be adjusted based on the standard curve. Thus, if one is determining the 
amount of an unlabeled organic acid present in human urine, then the standard curve should be 
prepared using the identical unlabeled organic acid and structurally similar or identical oxygen- 
1 8 labeled organic acid prepared in urine. One skilled in the art would appreciate that the results 
would be the same of the ratio determined from the processed sample and used for the standard 
curve were labeledAmlabeled OA ratio (as opposed to an unlabeled/labeled OA ratio). 

[0014] An efficient way of using the standard curve is to derive by linear regression 

analysis of recorded peak areas or peak intensities using formula I below: 

y = (a)(c) +b [formula I] 

wherein y = unlabeled/labeled OA ratio (or vice versa) 
a = slope 

c = concentration of unlabeled organic acid (from standard) 
b = intercept (unlabeled/labeled OA ratio (or vice versa)) 

Generally, about four or more standard samples containing different and known concentrations 
of unlabeled organic acid combined with the appropriate labeled internal standard are used to 
generate a curve preferably using linear regression analysis (see FIG. 11 for an exemplary 
curve). Formula I reflecting a particular standard curve can be used to calculate the 
concentration of a sample containing an unknown amount of an organic acid by using formula II 
below. 

c = y-b [formula II] 
a 
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wherein 



y 



unlabeled/labeled OA ratio (or vice versa) 
slope 

concentration of unlabeled organic acid (from unknown sample) 
intercept (unlabeled/labeled OA ratio (or vice versa)) 



a 



c 



b 



Using formula II, one inputs as "y" the ratio of unlabeled/labeled OA ratio (or vice versa if the 
standard curve was vice versa) to obtain a calculated value "c" reflecting the concentration of 
unlabeled organic acid present in the starting sample. This method of using ratios and 
constructing standard curves is well known in the art (see Chen et al., Rapid Commun Mass 
Spectrom, 15:159-163 (2001)). 

[0015] Other approaches well known in the art can be used to adjust the amount of 

unlabeled organic acid measured in a processed sample to reflect the starting amount or the 
organic acid. For example, one may determine a recovery of internal standard oxygen- 18 labeled 
organic acid detected versus the amount added to the sample. This fractional recovery of the 
internal standard can be used to adjust (upwards, if necessary) the amount of structurally similar 
to identical unlabeled organic acid in the processed sample to reflect its amount in the starting 
sample. For example, if the yield of internal standard is 80%, then the amount of structurally 
similar to identical unlabeled organic acid measured following processing is divided by 0.8 to 
reflect its amount in the starting sample volume. 

[0016] In some embodiments, the biological sample can be processed to enrich the 

organic acid(s) prior to detection. This may involve extraction with solvents, drying, 
acidification, centrifugation, and the like. Processing also may involve chemically modifying the 
organic acids to improve their detectability. For example, chemical derivatization of organic 
acids and oxygen- 18 labeled organic acids is required if the GC-MS is used in the detection 
method. Methods of processing to improve detection of organic acids from a biological sample 
are well known in art. See, e.g., Kushnir et al, Clin Chem 47:1993-2002(2001); Pitt et al., Clin 
Chem 48: 1970-1980 (2002); Zytkovicz et al., Clin Chem 47: 1945-1955 (2001)for organic acid 
processing and detection by mass spectrometry. 
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[0017] Unlabeled and labeled organic acids may be detected by mass differences using 

mass spectrometry, and the like. Preferred methods of detection employ mass spectrometry or 
tandem mass spectrometry. 

[0018] In a further aspect of the present invention, provided is a method of diagnosing an 

individual with a metabolic defect characterized by an amount of an organic acid in a body fluid 
of the individual that is abnormally higher than that present in normal individuals. The method 
comprises a) adding to a sample from the individual an amount of an oxygen- 18 labeled organic 
acid structurally similar or identical to the unlabeled organic acid to be measured; b) processing 
the sample; c) measuring the amount of unlabeled organic acid and oxygen- 18 organic acid in 
the processed sample; d) using the amount of oxygen- 18 organic acid measured in step c) to 
adjust the amount of unlabeled organic acid measured in the processed sample so as to reflect the 
amount of unlabeled organic acid originally present in the sample; and e) determining if the 
amount of the unlabeled organic acid detected in the sample is an abnormal amount. In a 
preferred embodiment, if only a single oxygen- 18 organic acid is used, the oxygen- 18 labeled 
organic acid is not oxygen- 18 labeled homo vanillic acid. 

[0019] In yet a further aspect of the present invention, provided is a method of 

diagnosing an individual with a metabolic defect characterized by an abnormal amount of at least 
one unlabeled organic acid in a sample of the individual, said method comprising: a) adding to a 
sample from the individual an amount of at least one oxygen- 18 labeled organic acid selected 
from each of hydroxy mono-acid, dihydroxy mono-acid, dicarboxyl organic acid, hydroxyl 
dicarboxyl acid, tricarboxyl acid, glycine conjugate and oxo acid; b) processing the sample; c) 
measuring the amount of unlabeled organic acids and oxygen- 18 organic acids in the processed 
sample; d) using the amount of an oxygen- 18 organic acid measured in step c) to adjust the 
amount of a structurally similar or identical unlabeled organic acid measured in the processed 
sample so as to reflect the amount of the at least one unlabeled organic acid originally present in 
the sample; and e) determining if the amount of the at least one unlabeled organic acid originally 
present in the sample is an abnormal amount, thereby diagnosing the existence a metabolic 
defect in the individual. 
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[0020] By "individual" is meant any eukaryotic organism. Preferred organisms are 

mammals. A preferred mammal is human. An individual can be a patient, which refers to a 
human presenting to a medical provider for diagnosis or treatment of a disease. The term 
"individual" includes adults, juvenile and prenatal forms. Particularly preferred subjects are 
humans with symptoms of metabolic disease. 

[0021] In another aspect of the present invention, provided are compositions of oxygen- 

18 labeled organic acids for use as internal standards to quantitatively determine the recovery of 
a structurally similar or identical organic acid in a sample. The composition comprises at least 
one oxygen- 18 labeled organic acid selected from each of a hydroxyl mono-acid, dihydroxy 
mono-acid, dicarboxyl organic acid, hydroxyl dicarboxyl acid, tricarboxyl acid, glycine 
conjugate and oxo-acid. In one embodiment, the composition comprises at least two oxygen- 18 
organic acids from each of the six groups. In further embodiments, the number of labeled acids 
from each group in the composition may be 3, 4, 5, 6 and even all from each group disclosed 
herein. Further compositions are provided which comprise a biological sample along with one 
or more oxygen- 18 labeled organic acids. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1 is a GC/positive-EI mass spectrum of labeled and unlabeled species of 2- 

OH-butyric acid in a preparation of oxygen- 18 labeled 2-OH-butyric acid. 

[0023] FIG. 2 is a GC/positive-EI mass spectrum of labeled and unlabeled species of 3- 

OH-2-methyl butyric acid in a preparation of oxygen- 18 labeled 3-OH-2-methyl butyric acid. 

[0024] FIG. 3 is a GC/positive-EI mass spectrum of labeled and unlabeled 2-OH- 

isocaproic acid in a preparation of oxygen- 18 labeled 2-OH-isocaproic acid. 

[0025] FIG. 4 is a GC/positive-EI mass spectrum of labeled and unlabeled 4-OH-phenyl 

acetic acid in a preparation of oxygen- 18 labeled 4-OH-phenyl acetic acid. 

[0026] FIG. 5 is a GC/positive-EI mass spectrum of labeled and unlabeled glyceric acid 

in a preparation of oxygen- 18 labeled glyceric acid. 
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[0027] FIG. 6 is a GC/positive-EI mass spectrum of labeled and unlabeled glutaric acid 

in a preparation of oxygen- 1 8 labeled glutaric acid. 

[0028] FIG. 7 is a GC/positive-EI mass spectrum of labeled and unlabeled butyryl 

glycine in a preparation of oxygen- 18 labeled butyryl glycine. 

[0029] FIG. 8 is a GC/positive-EI mass spectrum of labeled and unlabeled crotonyl 

glycine in a preparation of oxygen- 18 labeled crotonyl glycine. 

[0030] FIG. 9 is a GC/positive-EI mass spectrum of labeled and unlabeled 

succinyacetone in a preparation of oxygen- 18 labeled succinyacetone. 

[0031] FIG. 10 is a GC/positive-EI mass spectrum of labeled and unlabeled 2-oxo- 

glutaric acid in a preparation of oxygen- 18 labeled 2-oxo-glutaric acid. 

[0032] FIG. 1 1 depicts a standard curve useful for quantitating 2-oxo-glutaric acid in 

human urine. Standards were prepared from human urine spiked with increasing concentrations 
of unlabeled 2-oxo-glutaric acid and a constant amount of oxygen- 18 labeled 2-oxo-glutaric acid. 
Standards were extracted, N-methyl-N-(tert-butylmethylsily)-trifluoroacetamide (MTBSTFA) 
derivatized and analyzed by mass spectrometry. Area under the curve values for labeled and 
unlabeled organic acid were taken from a GC/positive-EI mass spectrum tracing and used as the 
input data for the curve. 

[0033] FIG. 12 shows the GC/positive-EI mass spectrum referred to in FIG. 1 1 . 

[0034] FIG. 13 depicts a standard curve useful for quantitating 2-oxo-glutaric acid in 

human urine. Standards were prepared from human urine spiked with increasing concentrations 
of unlabeled 2-OH-butyric acid and a constant amount of oxygen- 18 labeled 2-OH-butyric acid. 
Standards were extracted, MTBSTFA derivatized and analyzed by mass spectrometry. Area 
under the curve values for labeled and unlabeled organic acid were taken from a GC/positive-EI 
mass spectrum tracing and used as the input data for the curve. 

[0035] FIG. 14 shows the GC/positive-EI mass spectrum referred to in FIG. 13. 
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[0036] FIG. 15 depicts a standard curve useful for quantitating 2-oxo-glutaric acid in 

human urine. Standards were prepared from human urine spiked with increasing concentrations 
of unlabeled 3-OH-3-methyl butyric acid and a constant amount of oxygen-18 labeled 3-OH-3- 
methyl butyric acid. Standards were extracted, MTBSTFA derivatized and analyzed by mass 
spectrometry. Area under the curve values for labeled and unlabeled organic acid were taken 
from a GC/positive-EI mass spectrum tracing and used as the input data for the curve. 

[0037] FIG. 16 shows the GC/positive-EI mass spectrum referred to in FIG. 15. 

[0038] FIG. 17 depicts a standard curve useful for quantitating either 2-OH-isocaproic 

acid (left side) or 5-OH-hexanoic acid (right side) in human urine. Standards were prepared 
from human urine spiked with increasing concentrations of either unlabeled 2-OH-isocaproic 
acid or 5-OH-hexanoic acid and a constant amount of oxygen-18 labeled 2-OH-isocaproic acid. 
Standards were extracted, MTBSTFA derivatized and analyzed by mass spectrometry. Area 
under the curve values for labeled and unlabeled organic acid were taken from a GC/positive-EI 
mass spectrum tracing of unlabeled and labeled 2-OH-isocaproic acid or labeled 2-OH- 
isocaproic acid and unlabeled 5-OH-hexanoic. The curves were generated with data from the 
tracings. 

[0039] FIG. 18 shows the GC/positive-EI mass spectrums referred to in FIG. 17. 

[0040] FIG. 19 depicts a standard curve useful for quantitating 4-OH-phenyl acetic acid 

in human urine. Standards were prepared from human urine spiked with increasing 
concentrations of unlabeled 4-OH-phenyl acetic acid and a constant amount of oxygen-18 
labeled 4-OH-phenyl acetic acid. Standards were extracted, MTBSTFA derivatized and 
analyzed by mass spectrometry. Area under the curve values for labeled and unlabeled organic 
acid were taken from a GC/positive-EI mass spectrum tracing and used as the input data for the 
curve. 

[0041] FIG. 20 shows the GC/positive-EI mass spectrum referred to in FIG. 19. 

[0042] FIG. 21 depicts a standard curve useful for quantitating glyceric acid in human 

urine. Standards were prepared from human urine spiked with increasing concentrations of 
unlabeled glyceric acid and a constant amount of oxygen-18 labeled glyceric acid. Standards 
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were extracted, MTBSTFA derivatized and analyzed by mass spectrometry. Area under the 
curve values for labeled and unlabeled organic acid were taken from a GC/positive-EI mass 
spectrum tracing and used as the input data for the curve. 

[0043] FIG. 22 shows the GC/positive-EI mass spectrum referred to in FIG. 21 . 

[0044] FIG. 23 depicts a standard curve useful for quantitating glutaric acid in human 

urine. Standards were prepared from human urine spiked with increasing concentrations of 
unlabeled glutaric acid and a constant amount of oxygen- 18 labeled glutaric acid. Standards 
were extracted, MTBSTFA derivatized and analyzed by mass spectrometry. Area under the 
curve values for labeled and unlabeled organic acid were taken from a GC/positive-EI mass 
spectrum tracing and used as the input data for the curve. 

[0045] FIG. 24 shows the GC/positive-EI mass spectrum referred to in FIG. 23. 

[0046] FIG. 25 depicts a standard curve useful for quantitating either butyryl glycine (left 

side) or tlglyl glycine (middle) or hexanoyl glycine (right side) in human urine. Standards were 
prepared from human urine spiked with increasing concentrations of either unlabeled butyryl 
glycine, tlglyl glycine, or hexanoyl glycine and a constant amount of oxygen- 18 labeled butyryl 
glycine. Standards were extracted, MTBSTFA derivatized and analyzed by mass spectrometry. 
Area under the curve values for labeled and unlabeled organic acid were taken from a 
GC/positive-EI mass spectrum tracing of unlabeled and labeled butyryl glycine, labeled butyryl 
glycine and unlabeled tlglyl glycine, and labeled butyryl glycine and unlabeled hexanol glycine. 
The curves were generated with data from the tracings. 

[0047] FIG. 26 shows the GC/positive-EI mass spectrums referred to in FIG. 25. 

DETAILED DESCRIPTION OF THE INVENTION 

[0048] The present invention relates to oxygen- 18 labeled organic acids and their use in 

organic acid quantitation, particularly in quantifying a wide range of organic acids in samples. 
Accurate quantitation of the amount of organic acids in a sample is important to accurately 
diagnose the existence of a metabolic defect in an individual. Thus, the present methods are 
designed to accurately measure the amounts of organic acids by adjusting for losses due to 
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processing required for detection. In one aspect, the invention methods accomplish this by using 
oxygen- 18 radiolabeled organic acids as internal standards for measuring the recovery of the 
organic acid following processing. The oxygen- 18 labeled organic acid used to estimate 
recovery are structurally similar or identical to the organic acid sought to be analyzed. In a 
preferred embodiment, the oxygen- 18 labeled organic acid used to determine recovery is 
identical (except for the use of 18 oxygen in place of 16 oxygen) to the organic acid to be 
quantitated. 

[0049] Structurally similar organic acids are those that fall within well known groups, 

including the hydroxyl mono-acids, dihydroxy mono-acids, dicarboxyl organic acids, hydroxyl 
dicarboxyl acids, tricarboxyl acids, glycine conjugates and oxo acids. The structure of 
exemplary structurally similar organic acids from each of these groups is provided in Tables 1-7, 
respectively. 

[0050] Members comprising the class of hydroxy mono- acids are well known in the art 

and include, for example, glycolic acid, lactic acid, 3-hydroxypropionic acid, 2-hydroxybutyric 
acid, 3-hydroxyisobutyric acid, 3-hydroxybutyric acid, 4-hydroxybutyric acid, 2- 
hydroxyisovaleric acid, 3-hydroxy-2-methylbutyric acid, 3-hydroxy isovaleric acid, 3-hydroxy- 
2-ethylpropionic acid, 3-hydroxyvaleric acid, 4-hydroxyisovaleric acid, 5-hydroxyhexanoic acid, 
2-hydroxyisocaproic acid, 2-hydroxy-3-methylvaleric acid, 5-hydroxyhexanoic acid, 3-hydroxy- 
2-methylvaleric acid, 2-hydroxyphenylacetic acid, 4-hydroxy phenylacetic acid, 4- 
hydroxycyclohexylacetic acid, phenyllactic acid, 4-hydroxyphenylpropionic acid, 5- 
hydroxyindoleacetic acid, homvanillic acid, indoleacetic acid and 3-hydroxydodecanoic acid. 
Table 1 contains the chemical structures, molecular formulas, and molecular weights of 
exemplary hydroxyl mono-acids. 

Table 1: Hydroxy Mono- Acids 
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Hydroxy Mono- Acids 





Name 


MF 


MW 


Structure 




Glycolic 


C2H403 


76.02 


9? H 

ti i 

HO-C-CH2 




Lactic 


C3H603 


90.03 


! OOH 

II 1 

HO-C-CH-CH3 




30H Propionic 


C3H603 


90.03 


0 OH 
HO-C-CH2-CH2 




20 H Butyric 


C4H803 


104.05 


HO-C-CH-CH2-CH3 




30H Jsobutyric 


C4H803 


104.05 


0 OH 
ii 1 
HO-C-(j^-CH2 

CH3 




30H Butyric 


C4H803 


104.05 


? ? H 
HO -C-CH2-CH-CH3 




40H Butyric 


C4H803 


104.05 


0 OH 
HO-C-CH2-CH2-CH2 




20H Isovaleric 


C5H10O3 


118.06 


OOH 

II i 

HO-C-CH-<pi-CH3 
CH3 




30H2Me Butyric 


C5H10O3 


118.06 


0 OH 
II | 

HO-C-(^H-CH-CH3 
CH3 




30H Isovaleric 


C5H10O3 


118.06 


HO-C-CH2-C-CH3 
i 

CH3 




30H2Et Propionic 


C5H10O3 


1 18.06 


0 OH 
ii | 

HO-C-C&CH2 
CH2-CH3 




30H Valeric 

• 


C5H10O3 


118.06 


0 OH 
ii i 
HO-C-CH2-CT 

CH2-CH3 



Table 1 continued: 
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Name 


MF 


MW 


| Structure [ 




40H Isovaleric 


C5H10O3 


118.06 


HO-C-CH2-J 


!E-?H2 | 




SOH Hexa/Kwc 


C6H1203 


132.08 


? ? H 
HO-C-CH2<H^CH2-CH-CH3 




20H Isocaproic 


C6H1203 


132.08 


HO *C*CH«CH2-CH*CH3 
CH3 




20H 3Me Valeric 


C6H1203 


132.08 


0<j>H 
HO-C-OH 






SOH Hexanoic 


C6H1203 


132.08 




t2-CH2-CH-CH3 




30H2MethyfValeric 


C6H1203 


132.08 


O 

N 

HO-C- 


? H 

CT-CH-CH2-CH3 
CH3 




20H Phen acetic 


C8H803 


152.05 


O 




40H PhenAcelic 


C8H803 


152.05 






40HCyctotiexyfacelic 


C8H1403 


158.09 


0 

ho-c-chmOoh 




Phenyllactic 


C9H10O3 


166.06 


HO-C-CH-CH2<o> 




40H PhenProplonic j 


C9H10O3 


166.06 






5HIAA 


C10H9NO3 


191.06 




O 
I 

-C-OH 
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Table 1 continued: 



Hydroxy Mono-Acids 





Name 


MF 


MW 


i Structure 




Homovanililc 


C9H10O4 


182.06 


V .OCH3 
HO-C-CH2<o>OH 




Indotelactic 


CtlHl1N03 


205.07 


0 

H 

CH2KJSC-OH 




30H Dodecarwc 


C12H2403 


216.17 


0 CT2-CH2 CH3 
HO-C-CH2CH2 CH2 CH2 

ill! 

CH-CH2 CH2-CH2 
OH 



[0051] Members comprising the class of dihydroxy mono-acids are well known in the art 

and include, for example, glyceric acid, mevalonic acid, vanillymandelic acid or 4-hydroxy 
phenylacetic acid. Table 2 contains the chemical structures, molecular formulas, and molecular 
weights of exemplary dihydroxy mono-acids. 

Table 2: Dihydroxy Mono- Acids 



Dlhyrdoxy Mono-Acids 





Name 


MF 


MW 


Structure 




Glyceric 


C3H604 


106.03 


OOHOH 
HO-C-CH-CH2 




Mevalonic 


C6H1204 


t49.07 


0 OH OH 
HO-C-CH2-C-CH2K3H2 




VMA 


C9H10OS 


198.05 


29 E >OCH3 
HO-C-CH<o>OH 




40H Phenlactic 


C9H10Q4 


182.06 


0 OH 

HO-C<H-CH2<o>-OH 
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[0052] Members comprising the class of dicarboxyl organic acids are well known in the 

art and include, for example, malonic acid, methylmalonic acid, succinic acid, ethylmalonic acid, 
methylsuccinic acid, glutaric acid, 3-methyl glutaric acid, adipic acid, 3-methyl adipic acid, 
suberic acid, azelaic acid, sebacic acid or dodecanedioic acid. Table 3 contains the chemical 
structures, molecular formulas, and molecular weights of exemplary dicarboxyl organic acids 
below. 
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Table3:Di-Acids 



Pi-Adds 



[ 


Name 


MF 


MW 


Structure | 


\ 


Matonic 


C3H404 


104,01 


O O 

N U 

HOC-CH2-C-OH 




MeMdionic 


j u4no(J4 

i 


1 18.03 


0 0 
EOC<BCOE 




Succinic 


C4H604 


118.03 


O O 
il u 
HOC-CH2<H2-COH 




Etmafonic 


C5H804 


132.04 


0 

it 

HOC- 


0 

CH-COH 
CH2-CH3 




MeSuccinic 


C5H804 


132.04 


■4-gt. 

CH3 




Glutanc 


C5H804 


132.04 


? ? 




3Me Giutaric 


C6H10O4 


146.06 


9 ? 

HO<-CH2-^CH2-COH 
CH3 




Adipic 


C6H10O4 


146.06 


O 

ho-oci 


O 

M 

12 CH2-C-0H 




3Me Adipic 


C7H1204 


160.07 


o 

u 

HOC-CT 


Q 0 
KH2-CH2-C-OH 




Suberic 


C8H1404 


174.09 


0 

HD-C-g 


2CH2-CH2 9 
,2<H2 CH2-C-0H 




Azelaic 


C9H1604 


188.10 


0 

HOC-CH2 CH2-CH2 y 

<lH2-<hl2 dH2-CH2-C-OH 




Sebaric 


C10H18O4 


202.12 


HOC- 


ZB2 < 


0 

« 

C^2-CH2 CH2-C-OH 
£H2 vH2-vH2 




Dodecanecboic 


CI2H2204 


230.15 


9 

ROC< 




0 
1 

j^<H2 CH2-C-OH 
&2 CH2-CH2 



DLMR243875.1 



17 



Table 



3 continued: 



U maturated PMddg 



Name 


MF 


MW 


Structure 


Funwfc 


C4H404 


116.01 


O O 

K i 


Gfutaconk: 


C5H604 


130.03 


O O 
HO-<>CH=CH<H2-C-OH 


2Me Glutaconic 


C6H804 


144.04 


O O 

EO-CK>CH-CH^C<>H 
CH3 


3Mo Glutaconic 


C6H804 


144.04 


O O 

CH3 | 


Octenediolc 


C8H12Q4 


172.07 


O \ 

w>c<mcm~cB2 £ 

dH2-C-OH 



[0053] Members comprising the class of hydroxyl dicarboxyl organic acids are well 

known in the art and include, for example, malic acid, 2-hydroxyglutaric acid, 3-hydroxyglutaric 
acid, 3-hydroxy-3-methylglutaric acid, 2-hydroxyadipic acid, 3-hydroxyadipic acid or 3- 
hydroxysebacic acid. Table 4 contains the chemical structures, molecular formulas, and 
molecular weights of exemplary hydroxyl dicarboxyl organic acids. 
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Table 4: Hydroxyl Dicarboxyl-Acids 



Hydroxy Pi-Acids 





Name 


MF 


MW 


Structure 




Malic 


C4H605 


134.02 


0 0 
HOC-CK2-CH-C-OH 
OH 




20H Glutaric 


C5H805 


148.04 


HOC-CH-CH2-CH2-C-OH 

6h 




30H Glutaric 


C5H805 


148.04 


0 0 

II M 

HO-C-CH2-CH-CH2-C-OH 

6h 




30H3Me Glutaric 


C6H10O5 


162.05 


ho-c-ch2-c-ch2-g-oh 
6h 




20H Adipic 


C6H10O5 


162.05 


OOH 0 
HO-C-CH CK2-COH 




30H Adipic 


C6H10O5 


162.05 


O 0 
HO-C-CH2CH2-C-OH 
CH-dH2 

6h 




30HSebacic 


C10H18O5 


218.11 


0 0 
ii li 
HOC-CH2 CH2-CH2 CH2-C-OH 

6h-CH2 6H2-CH2 

OH 



[0054] Members comprising the class of tricarboxyl organic acids are well known in the 

art and include, for example, isocitric acid, citric acid, methyl citric acid or aconitic acid. Table 
5 contains the chemical structures, molecular formulas, and molecular weights of exemplary 
tricarboxyl organic acids. 
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Table 5: Tricarboxyl organic acids 



Tri-Acids 



Name 


MF 


MW 


Structure 


Isocitric 


C6H807 


192.03 


O 

OHO^ O 
HOC-CH2-C-CH-C-OH 

ioH 


Citric 


C6H807 


192.03 


o 

? H09 0 

HO-C-CH2-C-CH2-C-OH 

6h 


Me Citric 


C7H10O7 


206.04 


O 

0 Hr 0 

HO-C-CH2-C-CT-C-OH 
HO CH3 


Aeonitlc 


C6H606 


174.02 


O 

OHO-9 1? 
HO-C-CH2-C=C-C-OH 
H 



[0055] Members comprising the class of glycine conjugate organic acids are well known 

in the art and include, for example, propionylglycine, crotonylglycine, isobutyrylglycine, 
butyrylglycine, tiglylglycine, 3-methyl crotonylglycine, 2-methyl butyrylglycine, 
isovalerylglycine, valerylglycine, hexanoylglycine, hippuric acid, phenpropionylglycine or 
suberylglycine. Table 6 contains the chemical structures, molecular formulas, and molecular 
weights of exemplary glycine conjugate organic acids. 
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Table 6: Glycine Conjugate Organic Acids 



Glycine Conjugates 





Name 


MF 


MW 


Structure \ 




* * \jynu% tyivaiy 






0 

HO-C-CH2^-^-CH2-CH3 




Crotonyl Gly 


C6W903N 


143.06 


o ; 

BX>C-CH2-N-C-CH«CE-CH3 




IscbutyrylGty 


C6H1I03N 


145.07 


o cm 




Butyryi Gly 


C6H1103N 


145.07 


? 923 




TlQtylQty 


C7H1103N 


157.07 


9 

HOC-CH2 CH3 

g-g-C«CH-CH3 




3Me CrolonytGly 


C7H1103N 


157,07 


HCK/-CK2 <£E3 
|-g-CH^C-CH3 




2Me ButyrylGty 


C7H1303N 


159,09 


9 

HOC-CH2 9H3 




IsovaterylGly 


C7H1303N 


159*09 


HOOKER CH3 




Vaiery! Gly 


C7H1303N 


159.09 


9 

HOC-CH2 CE2-CH2 




HexanoyiGfy 


C8H1503N 


173,10 


9 

HOC-CH2 CH2-CH2 




Hippunc 


C9H903N 


179.06 


9 

KO-OCH2 

it® 




PftenProplonyfGly 


C11H1303N 


207.09 


HO-OCH2 




SubaryiGly 


C10H17O5N 


231.11 


9 CH2-CH2 
HOC-CH2 CH2 CH2 
N-C-<iH2 CH2 

h6 <Soh 
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[0056] Members comprising the class of oxo acids are well known in the art and include, 

for example, glyoxlic acid, pyruvic acid, 2-oxobutyric acid, acetoacetic acid, 2-oxoisovaleric 
acid, 5-oxoproline, 2-oxo-3-methylvaleric acid, 2-oxolsocaproic acid, 2-oxoglutaric acid, 
succinylacetone, 2-oxoadipic acid, 3-oxoadipic acid, phenpyruvic acid, 4-hydroxy phenpyruvic 
acid or 2 -methyl acetoacetic acid. Table 7 contains the chemical structures, molecular formulas, 
and molecular weights of exemplary oxo acids which include many alpha-keto acids. 
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Table 7: Oxo Acids 



Oxo Adds 



'Name 


II MF 


MW 


J Structure 




Glyoxiic 


C2H203 


74.00 


n d 
H-C-C-OH 




Pyruvic 


C3H403 


88.02 

l 


o o 

! II R 

CH3~C-OCH 




20xo8utyric 


C4H603 


1102.03 

i, 


o o 

1) 0 

CH3-CH2-C-C-OH 




AcetoAcetlc 

\ 


C4K603 1 102.03 

f 


O O 
I h 
CH3K>CH2-<>OH 




20xoisovaleric 


C5H803 


116.05 


CH30 O 
t « y 
CH3-CH-C-C-OH 




SOxo Proline 


C5H703N 


129.04 


N ? ! 

0=C OETC-OH | 
CH2-CH2 




20xo3MeValerk: 


C6H10O3 


130.06 


CE30 O 
CH3-CH2-CH-C-C-OH 




zuxoisowaprotc 


C6H10O3 


130.06 


CH3 0 O 
i ii n 
CH3-CH-CH2-C -C- OH 




6 \J XOU I U la f IC 


C5H60S 


146,02 


0 0 0 

ii ]| n 

RO-C<2^CH2-C-C-OH 




ouccAcerone 


C7H10O4 


158.06 


0 OO 
ii ii ti 
HO -C -CH2-CH2-C-CH2 -C -CH3 






C6H805 


160.04 


O O O 
% ii u 
HO -C -CH2-CH2-CH2-C "C- OH 




30xoAdipic 


C6H805 


160.04 


O O O 

It OR 




PhenPyiuvic 


C9H803 


164.05 


O O 

<o>CH2-C-€~OH 




40HPhen Pyruvic 


C9H804 


180,04 






2M«AcetoAc«tic 


C5H803 


1t6.0S 


O O 

9 1 

CH>C-CH-C-OH 
CH3 



DLMR243875.1 



23 



[0057] Oxygen- 18 labeled organic acids can be prepared using methods previously 

described for the preparation of oxygen- 18-amino acids. K.C. Clay and R. C. Murphy, in 
Biomedical Mass Spectrometry, Vol. 7, 345 (1980). Generally, the exchange with oxygen-18 
water may be carried out under acidic conditions at room temperature for about two-week time. 

[0058] It has been found herein that use of oxygen-18 labeled organic acids as internal 

standards increases the accuracy of the assay over other labeled standards such as deuterium- 
containing organic acids because oxygen-18 labeled organic acids have a much greater mass 
differential than dueterated organic acid internal standards. Furthermore, one may vary the 
molecular weight difference between oxygen-18 labeled organic acids and their unlabeled 
counterparts (oxygen- 16 containing-organic acids) by controlling the number of oxygen atoms in 
the organic acids that become substituted. For example, there is a 4-mass unit difference 
between oxygen-18 labeled mono acids and oxygen- 16 mono acids if both oxygen atoms in the 
mono carboxylic acid are oxygen-18 atoms. There is a 8-mass unit difference between oxygen- 
18 labeled dicarboxyl acids and oxygen- 16 dicarboxyl acids if both oxygen atoms in each of the 
carboxylic acid groups are oxygen-18 atoms. Finally, there is a 12-mass unit difference between 
oxygen-18 labeled tricarboxyl acids and oxygen- 16 labeled tricarboxyl acids, if both oxygen 
atoms in each of the carboxcylic acid groups are oxygen-18 atoms. Thus, depending on the 
extent of substitution for more complex organic acids, the user may chose a 4 to 12 mass 
differences in order to reduce the isotopic interfering. 

[0059] Oxygen- 1 8 being a non-radioactive atom is safer to work with than prior 

radioactive standards such as tritium-labeled organic acids. As demonstrated herein, oxygen-18 
labeled organic acids are relatively stable (i.e. not subject to significant degradation) when mixed 
with a typical sample such as urine and subjected to processing and analysis of the sample. 

[0060] Generally, prior to mass spectrometry detection, biological samples undergo 

extensive processing to enrich the organic acid sought to be detected and then to improve its 
detectability in the GC analysis system used. Processing may involve extraction, chemical 
derivitization, and analysis including chromatorgraphy and mass spectrometry, and the like. 
Extraction of organic acids from biological samples using ethyl acetate is preferred. 
Chromatography methods such as capillary gas chromatography for processing to separate 
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derivatized organic acids in a biological sample is well known in art. See, e.g., Kushnir et al., 
Clin Chem 47:1993-2002(2001); Pitt et al., Clin Chem 48: 1970-1980 (2002); Zytkovicz et al, 
Clin Chem 47: 1945-1955 (2001) for organic acid processing and detection by mass 
spectrometry. 

[0061] In other embodiments, organic acids in a sample, which may or may not have 

been extracted, can be derivatized in order to improve volatility for organic acid separation by 
GC. Common derivatization techniques mainly include: (a) preparation of the methyl esters of 
organic acids using BF3/methanol or diazomethane, (b) preparation of trimethylsilyl derivatives 
of organic acids using trimethylsilyl reagents and, (c) preparation of Methyl-(tert- 
butyldimethylsilyl)-derivatives of organic acids using N-methyl-N-(tert-butyldimethylsilyl- 
trifluoroacetamide. The latter approach is preferred. 

[0062] Unlabeled organic acid(s) in the sample and oxygen- 18 organic acids may be 

separated and detected by published methods known in the art. A preferred method for organic 
acid quantitative assay employs GC-MS. 

[0063] The following examples serve to illustrate the present invention. These examples 

are in no way intended to limit the scope of the invention. 

EXAMPLES 

Example 1: GC-MS Analyses of Methyl-(tert-butyldimethylsilyl)-Derivatives of Oxygen-18 
labeled Organic Acids 

[0064] Experiments were performed on a GC-Quadrapole mass spectrometer (HP-6890, 

Series II and 5973 Series mass detector, Hewlett-Packard Co. USA). The oxygen-18 labeled 
sample in a test tube was dried first under a stream of nitrogen gas, and then 120 /xl of a mixture 
of N-methyl-N-(tert-butyldimethylsilyl-trifluoroacetamide and acetonitrile (1:1; v/v) was added 
to the tube for the derivatization of the labeled organic acid at 60 °C for 30 minutes. The 
derivatized sample was then injected into the GC-MS system with an autosampler using the 
following analytical conditions: (i) a capillary column (Restek-200; 20m x 0.4 |um); (ii) 0.6 
mL/min. flow rate, and an initial column temperature at 80° C and increasing the temperature of 
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the column by 3°C/minute up to a maximum of 260° C; (iii) mass range from 50 to 700, and the 
positive electro impact ionization. The peak areas or intensities of ions ([M-57] + ) of the 
derivatized oxygen- 1 8-containing organic acids, generated by GC/MS analysis, were used to 
determine the percentage or yields of the oxygen- 18 labeled organic acids. 

Example 2: Labeling and Gas Chromatography-Mass Spectrometric Analysis of the 
Representatives of Oxygen-18 labeled Hydroxy Mono- Acids 

[0065] The exchange of oxygen-18 with Oxygen- 16 within organic acid molecules was 

carried out by dissolving in a mixture of 100/xl of H 2 18 0 (>95.5%) and 8/xl of 12N- 
Hydrocholoride acid, and maintaining at room temperature for 3, 7 and 14 days, respectively. 
The percentage (yields) of oxygen-18 labeled organic acids at 3, 7 and 14 days were determined 
by comparing the peak areas or peak intensities of methyl-(tert-butyldimethylsilyl)-derivatives of 

18 

the O-containing organic acids analyzed by GC-MS. 

[0066] The 3-day and 7-day labeling incubation resulted in 76% yield of double oxygen- 

18 labeled 2-hydroxy butyric acid, while the 15-day incubation resulted in a 84% yield . When 
the 15 day incubation was analysed by the GC/MS method, a peak at m/z 279 (mass/charge) in 
the spectrum was obtained corresponding to the double oxygen-18 labeled 2-hydroxy butyric 
acid while the mono oxygen-18 labeled and the unlabeled 2-hydroxy butyric acid molecules gave 
ions at m/z 277 and 275, respectively (Figure 1). The results showed that both carbonyl oxygen 
atoms in 2-hydroxy butyric acid were exchanged for oxygen-18 isotopes, because there was a 
difference of 4 atomic mass units between the labeled (at m/z 279) and unlabeled (at m/z 275) 
acids. 

[0067] The GC/MS mass spectra of Methyl-(tert-butyldimethylsilyl)-derivatives and 

yields of other oxygen-18 labeled mono acids including 3-hydroxy-2-methyl butyric acid, 2-OH- 
Isocaproic acid and 4-hydroxy-phenylacetic acid (15-day incubated products) are shown in 
Figures 2, and 3 and 4, respectively. 

Example 3: Labeling and Gas Chromatography-Mass Spectrometric Analysis of the 
representatives of Oxygen-18 labeled di-hydroxy Mono-Acids 
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[0068] Glyceric acid was labeled with oxygen-18 essentially as described in Example 2. 

A 3-day incubation gave a 68% yield of double oxygen-18 labeled glyceric acid, a 7-day 
incubation gives a 80% yield, and a 15-day incubation gave a 85% yield. When the 15-day 
incubated glyceric acid was analyzed by GC-MS, a peak at m/z 395 in the mass spectrum was 
observed for the di-oxygen-18 labeled glyceric acid, compared to the mono-labeled and 
unlabeled glyceric acid, showed ions at m/z 393 and 391, respectively (Figure 5). The results 
showed that two oxygen atoms of a carboxyl acid group in glyceric acid were exchanged for 
oxygen-18, because there was a difference of 4 mass units between the full labeled (at m/z 395) 
and unlabeled (at m/z 391) acids. 

Example 4: Labeling and Gas Chromatography-Mass Spectrometric Analysis of the 
representatives of Oxygen-18 labeled Di- Acids 

[0069] Glutaric acid was labeled with oxygen-18 essentially as described in Example 2. 

A 3-day incubation gave a 60% yield of quadruple oxygen-18 labeled glutaric acid, a 7-day 
incubation gave a 62% yield, and a 15-day incubation gave a 68% yield. When the 15-day 
incubated glutaric acid was measured using the GC-MS method, a peak at m/z 31 1 in the mass 
spectrum relates to the quadruple labeled glutaric acid, compared to the tri-, di- and mono- 
labeled glutaric acid, showed ions at m/z 309, 307 and 305, respectively (figure 6). The results 
showed that four oxygen atoms of the two carboxyl acid groups in glutaric acid molecule were 
exchanged for oxygen-18, because there was a difference of 8 mass units between the full 
labeled (at m/z 31 1) and the unlabeled (at m/z 303) acids. 

Example 5: Labeling and Gas Chromatography-Mass Spectrometric Analysis of the 
representatives of Oxygen-18 Conjugated Glycines 

[0070] Butyryl glycine was labeled with oxygen-18 essentially as described in Example 

2. A 3-day incubation gives a 76% yield of double oxygen-18 labeled butyryl glycine, and both 
7-day and 15-day incubations give approximately 88% yield. When the 15-day incubated 
butyryl glycine was measured using the GC-MS method, a peak at m/z 206 corresponds to the 
double labeled Butyryl glycine, compared with the mono-labeled and unlabeled Butyryl glycine, 
shown at m/z 204 and 202 (Figure 7). The results showed that two oxygen atoms in carboxyl 
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acid group of Butyryl glycine molecule were exchanged for oxygen- 18, because there was a 
difference of 4 mass units between the fully labeled (at m/z 206) and the unlabeled (at m/z 202) 
Butyryl glycine. 

[0071] The GC/MS mass spectrum of methyl-(tert-butyldimethylsilyl)-derivative and 

yields of other oxygen- 18 labeled crotonyl glycine (a 15-day incubated product) is also shown in 
Figure 8. 

Example 6: Labeling and Gas Chromatography-Mass Spectrometric Analysis of the 
representatives of Oxygen-18 2-Oxo- Acids 

[0072] Succinyacetone was labeled with oxygen-18 essentially as described in Example 

2. A 3-day incubation gave a 50% yield of quintuple oxygen-18 labeled succinyacetone, and 
both 7-day and 15-day incubations gave a 72% yield. When the 15-day incubated 
succinyacetone was measured using GC-MS, an ion peak at m/z 337 in the spectrum was 
observed for the quintuple labeled succinyacetone, compared to the tri-, di- and mono-labeled 
succinyacetone, which showed ions at m/z 335, 333 and 331, respectively (Figure 9). The results 
showed that four oxygen atoms in the compound were exchanged for oxygen-18 isotopes, 
because there is was a difference of 8 atomic mass units between the fully labeled (at m/z 337) 
and the unlabeled (at m/z 329) compound. 

[0073] The GC/MS mass spectrum of methyl-(tert-butyldimethylsilyl)-derivative and 

yields of other oxygen-18 labeled 2-Oxo-glutaric acid (a 15-day incubated product) are also 
shown in Figure 10. 

Example 7: Stability of Oxygen-18 -Containing Organic Acids 

[0074] The stability of oxygen-18 labeled organic acids in the sample preparation 

procedure was evaluated. The following steps were performed: 1) 50 microliters (|liL) of normal 
human urine and 10 (iL of oxygen-18 labeled organic acid were added to 1.440 milliliters (mL) 
of water; 2) The pH was adjusted to 1 with IN sulfuric acid; 3) 2 mL of ethyl-acetate was added 
to the solution, followed by shaking for 10 minutes; 4) the upper phase solvent was transferred to 
a new tube, and steps 3 and 4 were repeated at least three times; 5) the transferred solvent was 
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dried under a stream of nitrogen gas; 6) 120 [iL of MTBSTFA was added to make the 
derivatization of the acids at 60° C for 30 minutes for gas chromatography-mass spectrometric 
(GC/MS) analysis; and 7) the derivatized sample was injected into a GC/MS instrument 
(Hewlett-Packard 6890 Series II and 5973 Series mass detector available from Hewlett-Packard 
Co.) under the following conditions: using a capillary column (Restek-200; 20m x 0.4 |im), 
having a 0.6 mL/min. flow rate, having an initial column temperature of 80° C and increasing the 
temperature of the column by 3° C/minute up to a maximum of about 260° C, using the mass 
range from 50 to 700, and the mode being positive ion electro impact ionization. The peak areas 
or peak intensities of ions ([M-57 + ]) of derivatized oxygen- 18-containing organic acids 
generated by GC/MS analysis were used to determine the approximate recovery of the oxygen- 
18 labeled organic acids. 

[0075] Oxygen-18 labeled organic acids, subjected to the process in Example 1, 

exhibited stability when subject to mass spectrometric analysis. For example, 2-hydroxy-butyric 
acid, a representative of the 3 and 4 carbon-containing hydroxyl mono-acids, was double 
(Oxygen-18 x 2) and single (Oxygen-18 x 1) labeled with oxygen-18, and both the labeled and 
unlabeled forms were tested for stability. Both labeled and unlabeled forms of the acid exhibited 
stability prior to liquid/liquid (L/L) extraction, during an 80 minute L/L extraction, and during a 
120 minute L/L extraction are shown in Table 8. 



Table 8: Stability of oxygen- 18-containing 2-OH Butyric Acid 





Before L/L extraction 


L/L 80 min. extraction 


L/L 120 min. extraction 


Double labeled 


84% 


83% 


80% 


Single labeled 


15% 


17.4% 


19.7% 


Unlabeled 


1 % 


0.11% 


0.3% 



[0076] 3-hydroxy-2-methyl butyric acid, a representative of the 5 carbon-containing 

hydroxyl mono-acids, was double (Oxygen 18 x 2) and single (Oxygen 18x1) labeled with 
oxygen-18, and was tested for stability. The labeled acid exhibited stability prior to liquid/liquid 
(L/L) extraction, during an 80 minute L/L extraction, and during a 120 minute L/L extraction as 
shown in Table 9. 
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Table 9: Stability of Oxygen- 1 8-Containing 3-Hydroxy-2-Methyl Butyric Acid 





Before L/L extraction 


L/L 80 min. extraction 


L/L 120 min. extraction 


Double labeled 


85% 


85% 


85% 


Single labeled 


14.9% 


14.9% 


14.7% 


Unlabeled 


0.1% 


0.1% 


0.3% 



[0077] 2-hydroxy isocaproic acid, a representative of the 6 carbon-containing hydroxy 

mono-acids, was double (Oxygen 18 x 2) and single (Oxygen 18x1) labeled with oxygen- 18, 
and was tested for stability. Oxygen- 18 labeled acid exhibited stability prior to liquid/liquid 
(L/L) extraction, during an 80 minute L/L extraction, and during a 120 minute L/L extraction are 
shown in Table 10. 

Table 10: Stability of Oxygen- 18-Containing 2-Hydroxy Isocaproic Acid 





Before L/L extraction 


L/L 80 min. extraction 


L/L 120 min. extraction 


Double labeled 


84% 


83% 


79% 


Single labeled 


15.6% 


16.5% 


20.6% 


Unlabeled 


0.4% 


0.5% 


0.4% 



[0078] 4-hydroxy phenyl acetic acid, a representative of the 8 through 10 carbon- 

containing hydroxyl mono-acids, was double (Oxygen 18x2) and single (Oxygen 18x1) 
labeled with oxygen-18, and was tested for stability. Oxygen-18 labeled acid exhibited stability 
prior to liquid/liquid (L/L) extraction, during an 80 minute L/L extraction, and during a 120 
minute L/L extraction as shown in Table 1 1 . 

Table 1 1 : Stability of Oxygen- 1 8-Containing 4-Hydroxy Phenyl Acetic Acid 





Before L/L extraction 


L/L 80 min. extraction 


L/L 120 min. extraction 


Double labeled 


83.7% 


81% 


78% 


Single labeled 


15.5% 


15.8% 


19.7% 
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Unlabeled 


0.8% 


3.2% 


2.3% 



[0079] Glyceric acid, a representative of the 3 through 6 carbon-containing di-hydroxyl 

mono-acids, was double (Oxygen 18x2) and single (Oxygen 18x1) labeled with oxygen- 18, 
and was tested for stability. Oxygen- 18 labeled acid exhibited stability prior to liquid/liquid 
(L/L) extraction, during an 80 minute L/L extraction, and during a 120 minute L/L extraction as 
shown in Table 12. 

Table 12: Stability of Oxygen- 1 8-Containing Glyceric Acid 





Before L/L extraction 


L/L 80 min. extraction 


L/L 120 min. extraction 


Double labeled 


87% 


84% 


81% 


Single labeled 


13% 


15.5% 


17.6% 


Unlabeled 


0% 


0.5% 


2.4% 



[0080] Butyryl glycine, a representative of the glycine conjugates, was double (Oxygen 

18x2) and single (Oxygen 18x1) labeled with oxygen- 18, and was tested for stability. Oxygen- 
18 labeled acid exhibited stability prior to liquid/liquid (L/L) extraction, during an 80 minute L/L 
extraction, and during a 120 minute L/L extraction as shown in Table 13. 

Table 13: Stability of Oxygen- 1 8-Containing Butyryl Glycine 





Before L/L extraction 


L/L 80 min. extraction 


L/L 120 min. extraction 


Double labeled 


85% 


85% 


83% 


Single labeled 


14.5% 


14.8% 


16.2% 


Unlabeled 


0.5% 


0.2% 


0.8% 



[0081] Crotonyl glycine, a glycine conjugate, was double (Oxygen 18 x 2) and single 

(Oxygen 18x1) labeled with oxygen- 18, and was tested for stability. Oxygen- 18 labeled acid 
exhibited stability prior to liquid/liquid (L/L) extraction, during an 80 minute L/L extraction, and 
during a 120 minute L/L extraction as shown in Table 14. 
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Table 14: Stability of Oxygen- 18-Containing Crotonyl Glycine 





Before L/L extraction 


L/L 80 min. extraction 


L/L 120 min. extraction 


Double labeled 


84% 


85% 


81% 


Single labeled 


15.5% 


14.8% 


17.4% 


Unlabeled 


0.1% 


0.2% 


1.6% 



[0082] Glutaric acid, a di-acid, was quintuple (Oxygen 18x4), tri- (Oxygen 18x3), di 

(Oxygen 18x2) and mono- (Oxygen 18x1) labeled with oxygen-18, and was tested for 
stability. Oxygen-18 labeled acid exhibited stability prior to liquid/liquid (L/L) extraction, during 
an 80 minute L/L extraction, and during a 120 minute L/L extraction as shown in Table 15. 

Table 15: Stability of Oxygen- 18-Containing Glutaric Acid 





Before L/L extraction 


L/L 80 min. extraction 


L/L 120 min. extraction 


Oxygen 18x4 


69% 


68% 


65% 


Oxygen 18 x 3 


27% 


28% 


30% 


Oxygen 18 x 2 


3.5 % 


3% 


4% 


Oxygen 18x1 


0.4 % 


0.8 % 


0.8 % 


Unlabeled 


0.1 % 


0.2% 


0.2 % 



[0083] Succinyacetone, a Oxo-acid, was quintuple (Oxygen 18x4), tri- (Oxygen 18x3), 

di (Oxygen 18 x 2) and mono- (Oxygen 18 x 1) labeled with oxygen-18, and was tested for 
stability. Oxygen-18 labeled acid exhibited stability prior to liquid/liquid (L/L) extraction, during 
an 80 minute L/L extraction, and during a 120 minute L/L extraction as shown in Table 16. 

Table 16: Stability of Oxygen- 18-Containing Succinyacetone 





Before L/L extraction 


L/L 80 min. extraction 


L/L 120 min. extraction 
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Oxygen 18x4 


72% 


70% 


67% 


Oxygen 18x3 


25% 


27% 


29% 


Oxygen 18 x 2 


2.8 % 


2.8 % 


3% 


Oxygen 18x1 


0,2 % 


0.2 % 


0.8 % 


Unlabeled 


0% 


0% 


0.2 % 



Example 8 : Use of Oxygen-18 Labeled Organic Acid as Internal Standard in 
Quantitatively Analyzing An Organic Acid in Human Urine Samples 

[0084] A potential method for quantitatively analyzing an organic acid in human urine 

(spiked known amounts of organic acids to normal human urine as 'biological samples") using 
Oxygen-18 labeled organic acid as internal standard is described below. The experimental 
procedure including liquid/liquid extraction of organic acids from biological samples, chemical 
derivatization of purified organic acids, and GC-MS analysis of derivatized organic acids was 
performed as described in Example 7 with additional details below. 

[0085] Experimental Procedures 

Step-1: the preparation of calibration standard solutions, pooled quality controls and "biological 
samples" (spiked known amounts of an organic acid into normal human urine): Calibration 
standard solutions of 2-Oxo glutaric acid were prepared in human urine at concentrations of 10, 
20, 100, 200 and 600 nMol/mL. Pooled quality controls were prepared in human urine at 
concentrations of 25 and 500 nMol/mL. Finally, 50 and 200 nMol/mL of 2-Oxo glutaric acid 
were spiked into human urine as "biological samples" in order to tentatively evaluate the 
method. A constant amount of oxygen-18 labeled 2-Oxo glutaric acid was added to the above 
solutions and used as internal standard. 

Step-2: sample extraction, chemical derivatization and GC-MS analysis (as shown in Example 
7); 

Step-3: the preparation of calibration curve(s) for quantitatively analyzing an organic acid(s) in 
human urine samples; 
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Step-4: Calculation of the result and data evaluation. 

[0086] 2-Oxo glutaric acid was used as a representative of Oxo-acids (keto-acids). Figure 

1 1 shows a calibration curve for 2-Oxo glutaric acid, based on the signal peak areas of ion 
chromatography at m/z 545 (corresponding to 2-Oxo glutaric acid) and m/z 553 (corresponding 
to oxygen- 18 labeled 2-Oxo glutaric acid), with a linearity over a range of 10 to 600 nMol/mL in 
human urine and a high reliability (r 2 = 0.9991). Measured concentrations of the pooled quality 
controls were at levels of 22 and 511 nMol/mL, compared with known QC concentrations at 25 
and 500 nMol/mL, and showed satisfactory accuracy of the quantitative range. Errors between 
spiked concentrations of 2-Oxo glutaric acid (at levels of 50 and 200 nMol/mL, respectively) and 
measured concentrations of 2-Oxo glutaric acid (at levels of 49 and 208 nMol/mL, respectively) 
were less than 20 % (Figure 11). Figure 12 shows a representative GC-MS ion chromatography 
of 2-Oxo glutaric acid and its oxygen 18 labeled internal standard used in the assay. 

Example 9: Use of Oxygen-18 Labeled Organic Acids as Internal Standards in 
Quantitatively Analyzing A Mixture of Organic Acids in Human Urine Samples 

[0087] A method for quantitatively analyzing a mixture of organic acids in human urine 

(spiked known amounts of organic acids to normal human urine as 'biological samples") using 
Oxygen-18 labeled organic acids as internal standards is described below. The experimental 
procedure including liquid/liquid extraction of organic acids from biological samples, chemical 
derivatization of purified organic acids, and GC-MS analysis of derivatized organic acids was 
performed as described in Example 7 with additional details below. 

[0088] Experimental design for quantitatively analyzing a mixture of organic acids: 

Step-1: the preparation of calibration standard solutions, pooled quality controls and "biological 
samples" (spiked known amounts of an organic acid into normal human urine); 
Calibration standard solutions, a mixture of organic acids, were , prepared in human urine at 
concentrations of 10, 20, 100, 200 and 600 nMol/mL. Pooled quality controls were prepared in 
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human urine at concentrations of 25, 150 and 500 nMol/mL. Finally, 50 and 400 nMol/mL of a 
mixture of organic acids were spiked into human urine as "biological samples" in order to 
evaluate accuracy of the methodology. 

Step-2: sample extraction, chemical derivatization and GC-MS analysis (as shown in Example 7) 
Step-3: the preparation of calibration curves for quantitatively analyzing organic acids in human 
urine samples; 

Step-4: Calculation of the result and data evaluation. 

[0089] 2-OH-butyric acid was used as a representative of 3- and 4-carbon-containing 

hydroxyl mono acids and was quantitatively analyzed in a mixture of organic acids using 
oxygen- 18 labeled 2-OH-butyric acid as internal standard. Figure 13 shows a calibration curve 
for 2-OH-butyric acid, based on the signal peak areas of ion chromatography at m/z 275 
(corresponding to 2-OH butyric acid) and m/z 279 (corresponding to oxygen- 18 labeled 2-OH 
butyric acid), with a linearity over a range of 10 to 600 nMol/mL in human urine and a high 
reliability (r 2 = 0.9999). Measured concentrations of the pooled quality controls were at levels of 
28, 155 and 464 nMol/mL, compared with known levels at 25, 150 and 500 nMol/mL, and 
showed satisfactory accuracy of the quantitative range. Errors between spiked concentrations of 
2-OH butyric acid (at levels of 50 and 400 nMol/mL, respectively) and measured concentrations 
of 2-OH butyric acid (at levels of 52 and 446 nMol/mL, respectively) were less than 20 % 
(Figure 13). Figure 14 shows a representative GC-MS ion chromatography and mass spectrum 
of methyl-(tert-butyldimethylsilyl)-derivative of 2-OH butyric acid and its oxygen 18 labeled 
internal standard used in the assay. 

[0090] 3-OH-2-methyl butyric acid was used as a representative of 5 carbon-containing 

hydroxyl mono acids and was quantitatively analyzed in a mixture of organic acids using 
oxygen- 18 labeled 3-OH-2-methyl butyric acid as internal standard. Figure 15 shows a 
calibration curve for 3-OH-2-methyl butyric acid, based on the intensities of ions at m/z 289 
(corresponding to 3-OH-2-methyl butyric acid) and m/z 293 (corresponding to oxygen- 18 
labeled 2-OH butyric acid), with a linearity over a range of 10 to 600 nMol/mL in human urine 
and a high reliability (r 2 = 0.9999). Measured concentrations of the pooled quality controls were 
at levels of 30, 154 and 439 nMol/mL, compared with known QC levels at levels of 25, 150 and 
500 nMol/mL, and showed satisfactory accuracy of the assay range. Errors between spiked 
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concentrations of 3-OH-2-methyl butyric acid (at levels of 50 and 400 nMol/mL, respectively) 
and measured concentrations of 3-OH-2-methyl butyric acid (at levels of 52 and 437 nMol/mL, 
respectively) were less than 20 % (Figure 15). Figure 16 shows a representative GC-MS mass 
spectrum of methyl-(tert-butyldimethylsilyl)-derivative of 3-OH-2-methyl butyric acid and its 
oxygen 18 labeled internal standard used in the assay. 

[0091] 2-OH-isocaproic acid and 5-OH-hexanoic acid were used as representatives of 5 

carbon-containing hydroxyl mono-acids and were quantitatively analyzed in a mixture of organic 
acids using oxygen- 18 labeled 2-OH-butyric acid as internal standard (a compound for 
quantitative analyzing structurally identical and similar organic acids). Figure 17 shows 
calibration curves for 2-OH-isocaproic and 5-OH-hexanoic acids, based on the signal peak areas 
of ion chromatography at m/z 303 (corresponding to both 2-OH-isocaproic and 5-OH-hexanoic 
acids, respectively) and m/z 307 (corresponding to oxygen-18 labeled 2-OH-caproic acid), with a 
linearity over a range of 10 to 600 nMol/mL in human urine and a high reliability (r 2 = 0.9999 
for 2-OH-Isocaproic acid; and r 2 = 0.999 for 5-OH-Hexanoic acid, respectively). Although the 
two compounds are isomers, they can be readily separated by GC column in different retention 
times at 26 and 33 minutes, respectively. Measured concentrations of the pooled quality controls 
are at levels of 25, 150 and 421 nMol/mL (2-OH-caproic acid), as well as at levels of 30, 149 and 
458 nMol/mL(5-OH-hexanoic acid), compared with known QC levels at 25, 150 and 500 
nMol/mL, and showed satisfactory accuracy of the assay range. Errors between spiked 
concentrations of the two organic acids (50 and 400 nMol/mL, respectively) and measured 
concentrations of 2-OH-caproic (at levels of 50 and 459 nMol/mL) as well as 5-OH-hexanoic 
acids (at levels of 55 and 450 nMol/mL, respectively) were less than 20 % (Figure 17). Figure 
18 shows a representative GC-MS ion chromatography and mass spectrum of methyl-(tert- 
butyldimethylsilyl)-derivative of 2-OH-caproic and 5-OH-hexanoic acids and oxygen 18 labeled 
internal standard used in the assay. 

[0092] 4-OH-phenyl acetic acid was used as a representative of 8-carbon-containing 

hydroxyl mono acids and was quantitatively analyzed in a mixture of organic acids using 
oxygen-18 labeled 4-OH-phenyl acetic acid as internal standard. Figure 18 shows a calibration 
curve for 4-OH-phenyl acetic acid, based on the signal peak areas of ion chromatography at m/z 
323 (corresponding to 4-OH phenyl acetic acid) and m/z 327 (corresponding to oxygen-18 
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labeled 4-OH phenyl acetic acid), with a linearity over a range of 10 to 600 nMol/mL in human 
urine and a high reliability (r 2 = 0.9995). Measured concentrations of the pooled quality controls 
were at levels of 22, 141 and 414 nMol/mL, compared with known QC levels at 25, 150 and 500 
nMol/mL, and showed satisfactory accuracy of the quantitative range. Errors between and 
spiked concentrations of 4-OH phenyl acetic acid (at levels of 50 and 400 nMol/mL, 
respectively) and measured concentrations of 4-OH phenyl acetic acid (at levels of 48 and 457 
nMol/mL, respectively) were less than 20 % (Figure 19). Figure 20 shows a representative GC- 
MS ion chromatography and mass spectrum of methyl-(tert-butyldimethylsilyl)-derivative of 4- 
OH phenyl acetic acid and its oxygen 18 labeled internal standard used in the assay. 

[0093] Glyceric acid is a representative of di-hydroxyl mono acids and was quantitatively 

analyzed in a mixture of organic acids using oxygen- 18 labeled glyceric acid as internal 
standard. Figure 21 shows a calibration curve for glyceric acid, based on the signal peak areas of 
ion chromatography at m/z 391 (corresponding to glyceric acid) and m/z 395 (corresponding to 
oxygen- 18 labeled glyceric acid), with a linearity over a range of 10 to 600 nMol/mL in human 
urine and a high reliability (r 2 = 0.9997). Measured concentrations of the pooled quality controls 
are at levels of 31, 152 and 472 nMol/mL, compared with known QC levels at 25, 150 and 500 
nMol/mL, and showed satisfactory accuracy of the assay range. Errors between spiked 
concentrations of glyceric acid (at levels of 50 and 400 nMol/mL, respectively) and measured 
concentrations of glyceric acid (at levels of 51 and 427 nMol/mL, respectively) were less than 20 
% (Figure 21). Figure 22 shows a representative GC-MS ion chromatography and mass 
spectrum of methyl-(tert-butyldimethylsilyl)-derivative of glyceric acid and its oxygen 18 
labeled internal standard used in the assay. 

[0094] Glutaric acid is a representative of di-acids and was quantitatively analyzed in a 

mixture of organic acids using oxygen- 18 labeled glutaric acid as internal standard. Figure 23 
shows calibration curve for gluteric acid, based on the signal peak areas of ion chromatography 
of mass 303 (corresponding to gluteric acid) and mass 311 (corresponding to oxygen- 18 labeled 
gluteric acid), with a linearity over a range of 10 to 600 nMol/mL in human urine and a high 
reliability (r 2 = 0.9994). Measured concentrations of the pooled quality controls were at levels of 
25, 158 and 576 nMol/mL, compared with known QC levels at 25, 150 and 500 nMol/mL, and 
showed satisfactory accuracy of the assay range. Errors between spiked concentrations of 
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gluteric acid (at levels of 50 and 400 nMol/mL, respectively) and measured concentrations of 
gluteric acid (at levels of 51 and 468 nMol/mL, respectively) were less than 20 % (Figure 23). 
Figure 24 shows a representative GC-MS ion chromatography and mass spectrum of methyl- 
(tert-butyldimethylsilyl)-derivative of gluteric acid and its oxygen 1 8 labeled internal standard 
used in the assay. 

[0095] Butyryl, Tlglyl and Hexanoyl glycines were used as representatives of glycine 

conjugates and were quantitatively analyzed in a mixture of organic acids using oxygen- 18 
labeled butyryl glycine as internal standard (an internal standard for quantitatively analyzing 
structurally identical and similar organic acids). Figure 25 shows calibration curves for butyryl, 
tlglyl and hexanoyl glycines, based on the signal peak areas of ion chromatography at m/z 202, 
214 and 230 (corresponding to Butyryl, Tlglyl and Hexanoyl glycines, respectively) and m/z 206 
(corresponding to oxygen- 18 labeled Butyryl glycine), with a linearity over a range of 10 to 600 
nMol/mL in human urine and a high reliability (r 2 = 0.9998 for Butyryl glycine; r 2 = 0.9967 for 
Tlglyl glycine; and r 2 = 0.9993 for Hexanoyl glycine, respectively). Measured concentrations of 
the pooled quality controls were at levels of 31, 153 and 441 nMol/mL for Butyryl glycine; at 
levels of 22, 182 and 469 nMol/mL for Tlglyl glycine; and at levels of 26, 151 and 432 nMol/mL 
for Hexanoyl glycine, respectively, compared with known QC levels at 25, 150 and 500 
nMol/mL, and showed satisfactory accuracy of the quantitative range. Errors between spiked 
concentrations of the three organic acids (50 and 400 nMol/mL, respectively) and measured 
concentrations of Butyryl glycine (53 and 414 nMol/mL), Tlglyl glycine (50 and 445 nMol/mL), 
and Hexanoyl glycine (52 and 447 nMol/mL) were less than 20 % (Figure 25). Figure 26 shows 
a representative GC-MS ion chromatography of methyl-(tert-butyldimethylsilyl)-derivatives of 
Butyryl, Tlglyl and Hexanoyl glycines, as well as oxygen 18 labeled Butyryl glycine internal 
standard used in the assay. 

[0096] The contents of the articles, patents, and patent applications, and all other 

documents and electronically available information mentioned or cited herein, are hereby 
incorporated by reference in their entirety to the same extent as if each individual publication 
was specifically and individually indicated to be incorporated by reference. Applicants reserve 
the right to physically incorporate into this application any and all materials and information 
from any such articles, patents, patent applications, or other physical and electronic documents. 
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The inventions illustratively described herein may suitably be practiced in the absence of any 
element or elements, limitation or limitations, not specifically disclosed herein. Thus, for 
example, the terms "comprising", "including," containing", etc. shall be read expansively and 
without limitation. Additionally, the terms and expressions employed herein have been used as 
terms of description and not of limitation, and there is no intention in the use of such terms and 
expressions of excluding any equivalents of the features shown and described or portions thereof, 
but it is recognized that various modifications are possible within the scope of the invention 
claimed. Thus, it should be understood that although the present invention has been specifically 
disclosed by preferred embodiments and optional features, modification and variation of the 
inventions embodied therein herein disclosed may be resorted to by those skilled in the art, and 
that such modifications and variations are considered to be within the scope of this invention. 
The invention has been described broadly and generically herein. Each of the narrower species 
and subgeneric groupings falling within the generic disclosure also form part of the invention. 
This includes the generic description of the invention with a proviso or negative limitation 
removing any subject matter from the genus, regardless of whether or not the excised material is 
specifically recited herein. 

[0097] Other embodiments are within the following claims. In addition, where features 

or aspects of the invention are described in terms of Markush groups, those skilled in the art will 
recognize that the invention is also thereby described in terms of any individual member or 
subgroup of members of the Markush group. 
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